Free abscisic acid (ABA) content in suspensors, embryos, and integuments was determined during seed development of Phaseolus coccineus. A highly specific and sensitive solid-phase radioimmunoassay based on a monoclonal antibody raised against free (S)-ABA was used for ABA quantification. Very small amounts of ABA were detected in the suspensor during initial stages of development; later two peaks of ABA occurred. Levels of ABA in the embryo and integument show a coincident triphasic distribution: two maxima in ABA content occurred when the embryo was 11 to 12 and 15 to 16 millimeters in length; later, when the embryo was 19 to 20 millimeters long, a further increase was observed. The role of ABA in runner bean seeds is discussed in relation to the development of the different seed tissues.
Flowering plants are characterized by enormous variation, on a common theme, in the details of embryogenic development. The first division ofthe zygote forms two daughter cells with different developmental fates: the basal cell produces the suspensor while the apical cell is destined to produce the embryo proper. The suspensor cells develop rapidly by endomitosis. The embryo cells develop subsequently and more slowly by mitosis (15) .
Plant species with massive suspensors have reduced endosperm and vice versa, and some interchangeability of the two structures, apparently developed for the control of early growth and differentiation of the embryo in the angiosperms, has been suggested (7) . Much attention has been devoted to the embryo-suspensor system in an attempt to understand the physiological role of the suspensor. Nagl (15) considered that one function of the suspensor may be the synthesis and secretion of hormones to the growing embryo. Alpi et al. (2) , investigating this hypothesis, found a high level of GA2-like activity in the embryo-suspensor system of Phaseolus coccineus at two stages of embryogenesis (heart and cotyledonary embryo stages). More recently, several GAs have been identified in both tissues (16, 17) , and quantitative data show that the level of these hormones in the suspensor is almost 10 times that ofthe embryo. Biologically active GAs are predominant in the two tissues; in the senescening suspensor the 2#-hydroxylated and virtually inactive GA8 has been identified. ' This research was supported by M.P.I. 40% Italy. 2Abbreviation: GA, gibberellin; RIA, radioimmunoassay.
GA biosynthesis performed by means of a cell-free system from suspensor (5) and embryo (21) of developing seeds of P. coccineus showed that these tissues contain all the enzymes necessary to convert mevalonic acid to GAs.
High cytokinin activity has also been detected in developing seeds of P. coccineus at the same two stages of embryogenesis reported above ( 14) . Alpi et al. (2) found that the methanolic extracts of suspensors and embryos showed some inhibitory activity in oat coleoptile bioassay, and suggested that these extracts may contain abscisic acid-like substances.
In this article, we report the ABA levels in embryo, suspensor, and integuments ofP. coccineus during seed development with the aim of extending information on the hormonal relations between these seed components.
A solid-phase RIA (22) (16) , over 10,000 and 5,000 excised suspensors and embryos, respectively, were used for analyses by physicochemical methods.
MATERIALS AND METHODS

Plant Material
Plants of Phaseolus coccineus of the same white-seeded variety used in our previous studies on GAs (16) (13,000g , 10 min) and the supernatants, appropriately diluted, were used for RIA analysis. Water extraction efficiency was checked and found to be over 95% (22) . Extraction and analysis of ABA were repeated five times with seed tissues from collections taken at different times.
ABA Determination
The amount of ABA in the tissues was determined by means of a solid-phase RIA based on the use of a monoclonal antibody (DBPA 1) raised against free (S)-ABA (22) . 
Validation of RIA Results
The absence of cross-reacting material other than ABA in the extracts was verified by HPLC fractionation of the crude aqueous extracts of embryos, suspensors, and integuments as described previously (23) Fig. 2 ). The absence of noncompetitive interference, checked by internal standardization experiments, was verified by plotting recovered against added ABA in the presence ofconstant aliquots ofaqueous extracts ofthe tissues considered (Fig. 3) . ABA content in the individual tissues is reported in Figures 4 and 5 (15) . In vitro culture of P. coccineus embryos has shown that the attached suspensor strongly affects embryo growth at the heart stage of development (6, 26) . The ABA level in integuments and embryos is also presented in Figures 4 and 5 ; both tissues show a triphasic distribution during seed growth. Considering ABA content per organ, ABA increased with the growth of the individual tissues to reach a maximum at stage M with two small peaks in both tissues at stages G and I. When ABA content was calculated per unit of weight, integuments showed a maximum at growth stage G (3426 ng g-' fresh weight) coinciding with the first small ABA peak in the embryos (1494 ng g-' fresh weight), while the embryos showed a maximum at growth stage I (2213 ng g-' fresh weight) coinciding with the second small peak in the integuments (3021 ng g-' fresh weight. A third increase was observed later, at growth stage M, in both tissues (integuments 2552 ng g-' fresh weight; embryos 2156 ng g-' fresh weight).
The validity of this fluctuating ABA accumulation pattern is supported by the fact that sample collection of each growth stage was made at different times of the growing season for each of the five ABA quantifications so that possible interference by insufficient sampling was minimized. Moreover, it has been reported that endogenous ABA levels show two peaks in developing embryos of pea (24) and bean (1 1) and three to four peaks in rapeseed (9) . Findings from pea (24) have demonstrated that the pattern of ABA accumulation closely reflects the biphasic nature of seed growth. Numerous studies have measured the level of ABA during seed development in many plants, and have shown a rise of ABA in parallel with embryo growth (13) .
This pattern of rise and decline raises questions about the origin of the ABA, regulation of its level, and its role in the seed development process. In P. coccineus, Yeung and Sussex (26) reported that when the heart stage embryo-proper (with detached suspensor) was co-cultured with the early cotyledon stage embryo-proper, it grew much better than the embryos in the control treatment. Our results show that the ABA level in the embryo-proper at the heart stage (our stages A-B) ranges from 82 to 140 ng g-' fresh weight, while at the early cotyledon stage (C-D in our stages), ABA in the embryoproper ranges from 476 to 501 ng g-' fresh weight, suggesting that the higher ABA level found in the early cotyledon stage might be responsible for stimulating growth in their experiment (26) in the heart stage embryo-proper. Yeung and Sussex (26) also report that in experiments testing the effect of different growth substances on embryo growth in vitro, ABA inhibited precocious germination of the embryo-proper but did not inhibit its growth expressed as increase in fresh weight. and cultured in vitro and on ABA-deficient mutants ofvarious species clearly indicate that accumulation of ABA in the seed prevents precocious germination of the developing embryo (1, 12, 27) . The concentration of ABA in the integuments of P. coccineus seeds proved constantly higher than that in the embryo. Since it is difficult to hypothesize the same role for ABA in all seed tissues, this accumulation might indicate ABA involvement in integument phloem unloading (19, 20) . Recent studies do not exclude that ABA levels in the embryos may be the result of "in loco" synthesis, but they also indicate that immature embryos accumulate ABA from seed coats by diffusion, a movement that seems to depend on a difference in pH between the two tissues during development (10) .
It has been shown that ABA is involved in the regulation of storage protein mRNA during mid-and late embryogenesis in embryos of rapeseed (8, 9) , soybean (4) , and wheat (18, 25) . The major storage protein families found in P. coccineus seed are the vicilins, legumins, and phytohemagglutinins or lectins (3) . The same authors found (Bernardi R, Cecchini E, Mele T, Geri C, Durante M, unpublished data) the maximum rate of total protein synthesis in cotyledons from 10 to 16-mm-long seeds corresponding to our growth stages F through I. They noted that the synthesis of various subunits oflegumin and phytohemagglutinin can be identified from the early stages of seed maturation (6-8-mm-long seeds corresponding to our growth stages B-D); the synthesis of vicilin (the dominant storage protein in P. coccineus) starts late in seed growth (16-17-mm length corresponding to our growth stage I), but synthesis of its three major subunits does not occur at the same stage of development. A molecular approach could indicate whether ABA is the endogenous factor directly involved in the regulation of vicilin, legumin, and lectin gene expression in this species.
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